The purpose of neutron-physical calculations is typically isotopic composition of the fuel elements. However, in solving materials science problems related to nuclear fuel, researchers are usually interested in elemental composition of the fuel pellets, 
INTRODUCTION
Fission products and actinides are accumulated in nuclear fuel during the process of burning. The number of isotopes that can occur in spent nuclear fuel, is a few hundred.
Most of them are radioactive. The yield of a particular isotope of the fission product depends on the fissile nucleus. The mass of fission product in the fuel depends on its MIE-2017 nuclear properties and burnup. Actinides appear in spent nuclear fuel from initial heavy nuclei by the reaction of radiative capture of neutrons and radioactive decays.
Material studies of spent fuel pellets do not require isotopic composition, but require elemental composition, obtained by summation of all the accumulated isotopes of a given chemical element. This is due to the fact that the chemical and thermal properties are the same for different isotopes of one element. Therefore, to obtain the elemental composition of the fuel pellet it is necessary to calculate the isotopic composition.
Modern computing tools and developed methods and software complexes allow to perform combined neutron-physical and thermal calculations taking into account the dependence of the thermal conductivity of the material of fuel pellet from changing isotopic composition and burnup. This increases the accuracy of the calculation of isotopic composition of the pellet and thus the accuracy of the elemental composition.
Simulators of fuel pellets are used for experimental research instead of real fuel pellets having high radioactivity. Simulators of fuel pellets are made by the following way.
According calculated elemental composition, elements-fission products accumulated in significant quantities are selected. These elements will be included into simulator of fuel pellet. For each of these elements, stable isotope should be taken in the amount obtained in calculated elemental composition. Chemical elements -actinides for the fabrication of the simulator are replaced by stable elements from the lanthanides group with similar chemical and thermal properties. The experts in materials science have already solved problems of such replacement. Therefore, the task of experts on reactor calculation is to perform calculations of isotopic composition of fission products and actinides of spent fuel pellets.
ALGORITHMS AND METHODS
The combined use of neutron-physical and thermal calculation begins with preliminary calculation of the temperature distribution along the radius of the cylindrical fuel rod. In simple calculations, the coefficient of thermal conductivity is taken constant.
In combined calculations we must take into account that the coefficient of thermal conductivity of oxide nuclear fuel depends on the temperature and burnup (Fig. 1, 2 ).
In addition, the energy and burnup unevenly changes along the radius of the fuel rod in the process of fuel burning. The swelling of the fuel pellet with deep burnup leads to a reduction of the gap between the fuel pellet and cladding. Because of this dependence, the heat conduction equation is nonlinear. In the cylindrical geometry it is: System of equations of isotope kinetics is formulated for vector of isotope concentrations of nuclides̄( ). Isotope concentrations in each spatial zone with number i are assumed to be the same in all points of spatial sone.
Each equation of the system of equations of isotope kinetics include the following values in addition to concentrations.
-one-group cross section of incineration of isotope with number l in spatial zone with number i due to nuclear reactions on l-th isotope.
→ -one-group cross section of appearance of isotope with number l in spatial zone with number i due to nuclear reactions on m-th isotope.
-one-group neutron flux in i-th spatial zone.
-decay constant of l-th isotope → -decay constant of k-th isotope resulting in appearance of l-th isotope. Vector of concentrations changes in process of burning of nuclear fuel. Concentrations of isotopes may vary in different spatial locations of the fuel core. For example, DOI 10 .18502/kms.v4i1. 2125 Page 35
KnE Materials Science MIE-2017 area with modified microstructure, so-called rim-zone appears in the outer layer of the fuel rod of thermal-neutron reactors. Its formation is associated with high concentration of fission products [5] [6] [7] . Therefore, application of constant concentrations over the whole fuel rod can lead to distortion of the simulation results. Along with isotope concentrations, other properties of fuel composition can vary with radius within fuel rod in the process of burnup and can influence on space distribution of the temperature.
These variation of temperature don't take into account in the "classic" approach, and the process of formation of rim-zone can't be calculated.
In order to solve a system of equations of isotope kinetics, one must firstly calculate one-group fluxes and the cross section of the reactions and → . It is also necessary to know the decay constants and → for each nuclide and initial concentrations of isotopes . After the solution of the equations of isotope kinetics, the new value of the concentration vector̄( ) is obtained, which corresponds to a certain moment of time.
Developed method of combined neutron-physical and thermal calculation involves an iterative procedure in which calculations of isotope kinetics and thermal conductivity are performed step by step. This method is described in detail in [8] .
ALGORITHMS AND CODES USED IN CALCULATIONS
In the thermal calculation codes HEATING7, UNK_teplo, TempR_5 were used.
HEATING7 is multipurpose code for the solution of tasks of heat conduction [9, 10] .
The code is included in the complex SCALE [11] . HEATING can solve stationary and/or nonstationary task of heat conduction in one-, two-or three-dimensional rectangular, cylindrical, or spherical coordinates. Calculation model may include various materials.
Thermal conductivity, density and energy of each material may depend on time and temperature. The conductivity may also be anisotropic. Thermal properties of materials can be entered by the user or can be retrieved from the library of material properties.
UNK_teplo -software for the solution of task of heat conduction. The code is included in the complex UNK [9] . This code can solve a stationary task of heat conduction in one-dimensional cylindrical coordinates. Calculation model may include various materials. Thermal conductivity, the density of each material is specified separately for each layer. Thermal properties of materials can be entered by the user.
The calculation of temperatures in the complex UNK is made simultaneously with the calculation of burnup. 
RESULTS OF CALCULATIONS OF TEST TASKS
The use of an integrated method using joint calculation of neutron-physical and The advantage of the developed technique, which allows take into account the dependence of thermal conductivity factor on temperature and fuel burnup is demonstrated by the results presented in Fig. 3 . Curve 1 corresponded to the traditional approach when was taken to be constant throughout the fuel rod. It was evaluated for the average temperature in the rod 1000 K. Curve 2 corresponded to the application of the developed technique, but in this case only the dependence (T) is taken into account at burnup B = 0. The dependence (T, B) was taken into account for curves 3 and 4. Calculations were performed at B = 60 (curve 3) and 120 MW ⋅ day/KGU (curve 4). It was assumed for all four cases that no gas gap was there between fuel rod and cladding, and energy release density q = 388 W/cm 3 was constant over the fuel rod.
The results presented in Fig.3 can be easily interpreted using data on (T, B) from For the curve 2 when we consider (T) at B = 0 (the upper curve 1 in Fig.2) , the increases sharply due to temperature decrease in going from the center of the fuel rod to its periphery. Since the peripheral temperature is specified, the temperature at the center is lower than in case 1. The curve 2 lies below the curve 1.
For the curve 3 corresponding to the curve 3 in Fig.2 the values are much less than for curves 1 and 2. The increase of in going from the center to the periphery of fuel rod is slower. Since the energy release density is the same in all cases and peripheral temperature is specified, the temperature in the center of the rod is higher than for curve 1. The curve 3 in Fig.3 lies above the curve 1.
For the curve 4 (curve (T, B) is more flatter than curve 4 in Fig.2 ) similar arguments
show that the temperature in the center of the rod is higher than for curve 3. The curve 4 in Fig.3 lies above the curve 3. 
CALCULATIONS OF ELEMENTAL COMPOSITION OF FUEL PELLET OF VVER-1000
Algorithms and results [12] [13] [14] 
CONCLUSION
The results of calculation of the elemental composition of fuel pellet of VVER show that masses of fission products and actinides in the fuel can be obtained with high accuracy and with division into the required spatial layers. High accuracy of calculations was due to the application of the developed method, combining neutron-physical and thermal calculation, which took into account the dependence of heat conductivity on the isotopic composition of the fuel and burnup. The obtained results were used for modeling of simulators of fission products and actinides for experiments to study the thermal physics properties of the fuel pellets in NRNU MEPhI. 
